SUMMARY A prognostic score was derived from a prospective study of 148 consecutively admitted patients, aged less than 76 years, who survived the first 24 hours after an acute stroke.
Multivariate analysis was used to compare the presenting clinical features of 137 (93%) of these patients with their outcome after two months. Litfie change in the level of residual disability was detected in 128 of these patients after a further four months. The features which were found to predict functional dependence or death included older age, complete limb paralysis, depression of conscious level and the combination of hemiplegia and hemianopia with higher cerebral dysfunction. Hemiparesis uncomplicated by hemianopia or higher cerebral dysfunction predicted a return to functional independence. A discriminant function derived from this analysis can be used to calculate the likelihood of recovery to independent function for an individual patient following an acute stroke.
The management of patients with an acute stroke requires some assessment of the likelihood of recovery. This prognosis may affect both the choice of initial medical therapy and the planning of rehabilitative programmes. ' Recent reviews have detailed the clinical features which are of prognostic value after a stroke.23 In general these features reflect the site and size of the lesions responsible for the stroke and the general medical condition of the patient.2 Individual prognosis however is hampered by a lack of information as to the relative weight that should be put upon these variables when they are observed in different combinations. Some attempts have been made to assess the prognostic significance of combinations of clinical features.' 4 These studies have been made of selected groups of patients in rehabilitation units. The results therefore may not be applicable to general hospital stroke admissions. This study set out to establish a simple bedside method of outcome prediction by observing a consecutive series of patients on admission and then prospectively assessing their degree of social independence two and six months after an acute stroke.
Patients and methods
Definition an acute stroke was defined as a focal, nonconvulsive deficit of brain function of vascular origin which had occurred within two weeks of admission to the study and which persisted for more than 24 hours. Patents all patients under the age of 76 years with a stroke of acute onset who survived the first 24 hours in the general wards of Guy's Hospital between September 1st 1979 and September 30th, 1981 were examined by the author. This examination occurred within a mean time of 3-5 days from the onset of the stroke (range 1 to 13 days). Patients referred from other hospitals for investigation of their stroke were not included.
In addition to taking a clinical history and making a physical examination, the author ascertained from the attending staff and the case records details of the patients' condition on admission. On admission blood was drawn for estimation of the peripheral white cell count (WCC) and packed cell volume (PCV). A standard 12 lead ECG and chest radiograph were also performed shortly after admission.
Follow-up assessments were attempted on all patients in a special clinic or in the patients' homes two and six months after the onset of the stroke.
One hundred and fifty six patients were seen shortly after admission. Nineteen were excluded from the subsequent analysis. Eight of these patients were found to have mass lesions, three declined initial examination and eight were lost to follow up at two months. Nine more patients could not be traced after six months. Therefore of 148 early surviving patients with stroke, the outcome was known in 137 (93%) after two months and 128 (86%) 476 after six months.
Of the 137 patients followed up, 114 (83%) gave addresses in south-east London (London postal codes SE1, SE16, SE17, SE15 and SE13). Other patients were living at the time of their stroke in south-west London (7), North London (4), south-east Kent (7), Surrey (3), Essex (1) and Sussex (1). The latter four counties are areas from which central London receives commuter traffic and Guy's Hospital is situated close to a major London rail terminus. The patients therefore were local residents and some commuters.
Outcome Measures at follow up the patients' overall level of functional recovery was assessed upon a four point scale in terms of the degree of independence that they had achieved in the activities of daily living (table 1). From this assessment the patients were classified into those with a good outcome (groups 1 and 2) and those with a poor outcome (Groups 3 and 4).
The ability to make simple transfers of position was enquired after at follow up. Multivariate analysis was performed using the stepwise discriminant function program of the SPSS. Only those variables which made a difference in the separation of the prognostic groups at a significance level of p < 0-001 were retained in the prognostic score.
In discriminant function analysis all variables are first coded numerically. A discrete variable is coded 0/1 according to the presence or absence of that variable. Continuous variables (for example, age) are coded in the units in which they were measured.
A discriminant coefficient is calculated for each variable which, after allowance for differences in units of measurement reflects that variable's value in separating the groups.
Comparison of the discriminating value of variables can be made by comparing the size of their standardised discriminant coefficients ( was by six months after her stroke in long term geriatric care. Two patients who had not achieved functional independence after two months were judged independent when assessed four months later. One had been slow in rehabilitation because of an ankle injury sustained in a fall shortly after her stroke. The other late recovering patient had a substantial nondominant hemisphere infarction and suffered a period of severe depression during the initial phase of his recovery.
DEATHS
Twenty-nine patients died within the first two months from the onset of their stroke. Six died in the second 24 hours after the stroke, seven in the remaining five days of the first week, eight in the next three weeks and eight in the second month. The primary causes of death were certified as cerebrovascular accident (11), bronchopneumonia (12) and pulmonary embolism (6) . The cause of death had been ascertained by necropsy in nine patients. To simplify the practical use of the discriminant function, the unstandardised coefficients and the constant were multiplied by 10 and rounded to the nearest decimal place. Table 7 shows the score that the presence of each feature contributes to the prognostic function. The patient's age should be multiplied by 0-4 and then this and the score for any other feature present added to or subtracted from the constant of +40. If this total is then taken to the figure, where the discriminant function values for each patient in this series are related to the calculated probability of outcome, the approximate likelihood of recovery can be determined.
Discussion
The discriminant function derived in this study combines several of the clinical features and neurological syndromes, most of which had previously been recognised as important for prognosis2 3 and permits more confident prediction of outcome than hitherto available.
An unexpected finding amongst the individual features of prognostic significance was the relationship of the admission systolic blood pressure to patients' outcome. This was on average significantly higher in those patients who did well after their stroke compared with those who became dependent or died. This difference could not be explained by the inclusion in the poor outcome group those with excessively low pressures. On the other hand, after The correlation of the outcome assessment with the patients' ability to make simple transfers show that independence was strongly correlated with mobility (table 2) . Other factors however were clearly important since some of the patients were relatively mobile and yet dependent.
F 80ot

70F
This study confirms that in general the level of recovery after two months is a reasonable guide to the long term outlook after a stroke. '" A few patients will make substantial advances in their rehabilitation after this period and many continue to improve in ways which are difficult to measure objectively.
Discriminant function analysis has been used in other clinical situations to quantify diagnostic " 12 and prognostic judgements.'3 Such analysis permits expression of the diagnosis or prognosis in terms of statistical probability rather as a vague clinical statement.5 '3 '4 An inherent limitation of this method is that the classification achieved will be most accurate in the group of patients from which the data were derived. For this reason care was taken to obtain data from a sample as representative of the general hospital population of stroke victims as possible.
An arbitrary interval of 24 hours from admission was selected before the patients were eligible for the study partly for practical reasons of study design. Furthermore, patients who are in mortal danger on admission with a stroke are usually easy to identify with evidence of large lesions, coma and pupillary or respiratory abnormalities.9 The selection of patients under the age of 76 years probably accounts for the preponderance of males in this sample, there being a higher proportion of females in the elderly stroke population.9
The scoring system described in this paper can be applied easily by any physician to his own stroke patients. Access to a computer is not necessary to score a patient; the most complex mathematics involved is the multiplication of the patient's age by 0-4. This product and the scores for each feature present (table 7) are then added or subtracted from the constant of +40. This total can then be translated into an expression of the probable outcome by reference to the fig. As a rough guide, a score of -2-5 implies an even chance of recovery, scores of -15 and +10 suggest a 95% likelihood of a poor and good outcome respectively.
Although such complex statistical analysis as used here may seem alien to many clinicians, a similar process of sifting and weighting probably underlies many more intuitive judgements made on the basis of individual clinical experience. The purpose of this prognostic score is to make such clinical judgements more objective. Thus a patient may present with a total hemiplegia (score -12) with no other deficit (score +8) but his recovery will depend somewhat on whether he is 55 years old (score 55 x -0.4 = -22) or 75 years (score 75 x -0-4 = -30). In the latter case the patient's older age will have cancelled out the prognostic advantage in having an uncompli-479 0 0 group.bmj.com on June 20, 2017 -Published by http://jnnp.bmj.com/ Downloaded from cated hemiplegia. The imperfections of this scoring system are illustrated by the patients represented in the figure by dots on the inappropriate part of the curve. These exceptions are a reminder that other factors, not assessed in this study, may affect patients' outcome after a stroke including the social and emotional consequences of their illness. '5 The additional prognostic value of the CT scan evidence of the site and volume of the lesions causing stroke in this group of patients is being investigated. Nevertheless it appears that a reasonably accurate individual prognosis can be made by the simple clinical criteria used in this scoring system.
